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Description 

COMPUTED TOMOGRAPHY DOSE 
INDEXING PHANTOM SELECTION FOR 

DOSE REPORTING 

Background of Invention 

[0001] The present invention relates generally to a computed to- 
mography assembly, and, more particularly to a computed 
tomography assembly with improved phantom selection 
for dose reporting. 

[0002] Computed tomography has been utilized for a wide vari- 
ety of imaging applications. One such category of applica- 
tions is comprised of medical imaging. Although it is 
known that computed tomography may take on a wide va- 
riety of configurations within the medical industry, it 
commonly is based on the transmission of low energy rays 
through a body structure. These energy rays are subse- 
quently received and processed to formulate an image, 
often three-dimensional, of the body structure that can by 
analyzed by clinicians as a diagnostic aid. 



[0003] The reception of energy rays, such as gamma rays or x- 
rays, is often accomplished through the use of a device 
referred to as a detector assembly. The detector assembly 
is typically comprised of a plurality of structures working 
in concert to receive and process the incoming energy 
rays after they have passed through the body structure. 
The detector assembly utilizes scintillator to absorb the 
photons and convert their energy into visible light. This 
allows the energy rays received by the scintillator detector 
to be converted into useful information. Scintillator ele- 
ments may come in a wide variety of forms and may be 
adapted to receive a wide variety of incoming rays. The 
light produced by the scintillator element is commonly 
processed by way of a device such as a light sensitive 
photodiode, which converts the light from the scintillator 
element into an electronic signal. In this fashion, the in- 
formation from the scintillator detector can be easily 
transferred, converted, and processed by electronic mod- 
ules to facilitate viewing and manipulation by clinicians. 

[0004] Although CT scans provide a highly useful and critical 

medical diagnostic element, they must still be recognized 
to be a tool that, if improperly utilized, may pose con- 
cerns to the patients on which it is utilized. The method- 



ology operates through the use of gamma rays and x-rays 
which are only suitable for human exposure within limits. 
The human body absorbs radiation during exposure to the 
CT imaging process. Excessive exposure to such radiation 
provides additional medical concerns. Patient size, imag- 
ing region cross-section, imaging region area all play a 
role in determining the minimum radiation exposure nec- 
essary for clear imaging. Computed Tomography Dose In- 
dexing (CTDI) is a standard dose measurement methodol- 
ogy required to be utilized by all computed tomography 
manufactures. The methodology utilizes phantoms for re- 
porting typical head and body dosages. New regulations 
require the CTDIvol to be displayed to the operator after 
selecting the scan but before executing the scan. Method- 
ologies for determining the CTDIvol commonly utilize as- 
sumptions regarding patient size to provide such esti- 
mated CTDIvols prior to imaging. Proper phantom size is 
dependent not only on patient size, but the portion of 
body to be imaged as well. Rather than rely on operator 
estimations such as adult/head or child/body, a more ac- 
curate and consistent CTDIvol dose reporting would be 
preferred. 

[0005] it would, therefore, be highly desirable to have computed 



tomography assembly with improved CTDIvol reporting 
reliability. Additionally, it would be highly desirable to 
have a computed tomography assembly with CTDIvol re- 
porting tailored to the specific patient/imaging portion 

presently being imaged. 
Summary of Invention 

[0006] a computed tomography assembly is providing including 
an x-ray gantry assembly, an x-ray source projecting a 
beam of x-rays, a detector assembly positioned opposite 
the x-ray source and receiving the beam of x-rays, and a 
control mechanism in communication with the x-ray 
source and the detector assembly. The control mechanism 
includes logic adapted to: execute at least one scout scan 
of the object to produce a first scout scan image; generate 
an elliptical patient model based on the first scout scan 
image; match the elliptical patient model to a phantom di- 
ameter approximation; generate a dose report based on 
the phantom diameter approximation; and display said 
dose report on a display in communication with the con- 
trol mechanism. 

[0007] other features of the present invention will become ap- 
parent when viewed in light of the detailed description of 
the preferred embodiment when taken in conjunction with 



the attached drawings and appended claims. 
Brief Description of Drawings 



[0008] FIGURE 1 a computed tomography assembly in accordance 
with the present invention. 

[0009] FIGURE 2 is a diagram of the computed tomography as- 
sembly illustrated in Figure 1. 

[0010] FIGURE 3 is a flow chart illustration of a control mecha- 
nism for use in the computed tomography assembly illus- 
trated in Figure 1; 

[0011] FIGURE 4 is an illustration of the conversion of a scout 
scan image to an elliptical patient model for use in the 
computed tomography assembly illustrated in Figure 1; 

[0012] FIGURE 5 is an illustration of phantom diameter approxi- 
mations for use in the computed tomography assembly il- 
lustrated in Figure 1; 

[0013] FIGURE 6 is an illustration of alternate components capa- 
ble of generating the patient elliptical model as described 
in Figure 4; 

[0014] FIGURE 7 is an illustration a variable bow-tie element for 
use by the computed tomography assembly illustrated in 
Figure 1; and 

[0015] FIGURE 8 is an illustration of a database of CTDIvol to 
phantom diameter approximations for use in the com- 



puted tomography assembly illustrated in Figure 1. 
Detailed Description 

[0016] Referring now to Figures 1 and 2, which are illustrations 
of a computed tomography (CT) imaging system 10 for 
use with the detector assembly 18 of the present inven- 
tion. Although a particular CT imaging system 10 has 
been illustrated, it should be understood that the detector 
assembly 18 of the present invention could be utilized in 
a wide variety of imaging systems. The CT imaging system 
10 includes a scanner assembly 12 illustrated as a gantry 
assembly. The scanner assembly 12 includes an x-ray 
source 14 for projecting a beam of x-rays 16 toward a 
detector assembly 18 positioned opposite the x-ray 
source 14. The detector assembly 18 includes a plurality 
of detector elements 20, referred to as a detector array, 
which combine to sense the projected x-rays 16 that pass 
through an object, such as a medical patient 22. Each of 
the plurality of detector elements 20 produces an electri- 
cal signal that represents the intensity of an impinging x- 
ray beam and hence the attenuation of the beam 16 as it 
passes through the object of patient 22. Commonly, dur- 
ing a scan to acquire x-ray projection data, the scanner 
assembly 12 is rotated about the center of rotation 24. In 



one embodiment, illustrated in Figure 2, detector ele- 
ments 20 are arranged in one row such that projection 
data corresponding to a single image slice is acquired 
during a scan. In other embodiments, the detector ele- 
ments 20 can be arranged in a plurality of parallel rows, 
such that projection data corresponding to a plurality of 
parallel slices can be acquired simultaneously during a 
scan. 

[0017] The rotation of the scanner assembly 12 and the opera- 
tion of the x-ray source 14 are preferably governed by a 
control mechanism 26. The control mechanism 26 prefer- 
ably includes an x-ray controller 29 that provides power 
and timing signals to the x-ray source 14 and a scanner 
motor controller 30 that controls the rotational speed and 
position of the scanner assembly 12. A data acquisition 
system (DAS) 32 in control mechanism 26 samples analog 
data from the detector elements 20, commonly a pho- 
todetector array, and converts the data to digital signals 
for subsequent processing. An image reconstructor 34 re- 
ceives sampled and digitized x-ray data from DAS 32 and 
performs high speed image reconstruction. The recon- 
structed image is applied as an input to a computer 36 
which stores the image in a mass storage device 38. 



[0018] The computer 36 also can receive commands and scan- 
ning parameters from an operator via console 40 that has 
a keyboard or similar input device. An associated display 
42 allows the operator to observe the reconstructed image 
and other data from the computer 36. The operator sup- 
plied commands and parameters are used by computer 36 
to provide control signals and information to the DAS 32, 
x-ray controller 29 , and scanner motor controller 30. In 
addition, the computer 36 operates a table motor con- 
troller 44 which controls a motorized table 46 to position 
patient 22 within the scanner assembly 12. Particularly, 
the table 46 moves portions of the patient 22 through the 
scanner opening 48. 

[0019] An important operational feature of the computed tomog- 
raphy assembly 10 is the display of computed tomogra- 
phy dose index volume prior to execution of the scan. 
This allows the operator to properly evaluate the dosage 
of radiation that the patient 22 will experience prior to 
their actually undergoing such exposure. In order to 
properly provide such an CTDIvol value, the present in- 
vention must first develop an accurate concept of actual 
patient 22 size and position. The present invention, 
therefore, includes within the control mechanism 26 a 



logic 50 adapted uniquely to provide such information. An 
illustration of the logic 50 is illustrated in Figure 3. The 
logic 50 is adapted to execute at least one scout scan of 
the object/patient 52. Scout scans 54 are low intensity 
scans utilized to obtain positional and general information 
prior to full computed tomography (CT) imaging. The at 
least one scout scan 54 is contemplated to be comprised 
of lateral scout scans 56, anteroposterior scout scans 58, 
or multiple orthogonal scout scans. Each of the scout 
scans 54 produces a scout scan image 60 which in turn 
can be utilized to calculate an estimation of the patient 
size for dose calculation. It should be understood that a 
patient contour scan 62 may be used in conjunction or in 
place of the scout scans 54 for use in patient size calcula- 
tion. 

[0020] The present invention provides a means to calculate the 
patient's 22 size, shape, and centering from the one or 
more scout scans 54 or patient contour scan 63. Figure 4 
illustrates the principles of using the scout scan 54 or 
scans to generate an elliptical patient model 64. A variety 
of known imaging process methods such as edge detect- 
ing are contemplated. The elliptical patient model 64 is an 
approximation of the patient cross-sectional area repre- 



sented as an ellipse based on Projection area (PA) and 
amplitude (projection measure PM). Using a single scout 
the orthogonal projection measure (OPM) can be calcu- 
lated using the formula for the area of an ellipse X= 
4A/PieY wherein Oval ratio = x/y. A set of phantoms (see 
Figure 5) that represent the range of expected clinical 
sizes and shapes can be compared to the OPM such that 
an appropriate elliptical patient model 64 is achieved. 
Wherein multiple scans, or three-dimensional scans, are 
contemplated it should be understood that an elliptical 
patient model 64 is estimated for each position along the 
z-scanning axis. Thus the present invention can be uti- 
lized for complex scanning such as helical scanning. The 
present invention contemplates the estimation of the el- 
liptical patient model 64 using a single scout scan image 
60 or multiple images. The centroid of the scout scan im- 
age 60 (center of mass) can be calculated from two or- 
thogonal scout projections. The distance of the centroid 
from the isocenter channel can be used to geometrically 
calculated the X and Y centering error for the patient 22. 
Use of centroid calculations Is better than edge detection 
methods since it yields the center of maximum attenua- 
tion that should be positioned in the maximum X-ray field 



rather than just the physical center relative to the edges of 
the object 22. Thus the scout scan images 60 can be uti- 
lized to determine not only patient 22 size but centering 
as well. 

[0021] when a single scout scan 54 is used, such as an antero- 
posterior scout scan 58, vertical centering errors may be 
difficult to calculate without knowledge of patient orienta- 
tion. The present invention, therefore, utilizes surface ele- 
vation information through the use of displacement sen- 
sors 66 as shown in Figure 6. One methodology illustrated 
contemplates the use of an elevation reference 68, i.e. ta- 
ble elevation, to determine the Y axis centering error. This 
estimation, however, is not accurate where the patient 22 
is propped up with pillows or other positioning devices as 
is common. The present invention, therefore contemplates 
the use of laser displacement sensors 70 or sonic dis- 
placement sensors 72 to provide a vertical centering ad- 
justment following the contours of the patient 22. Finally, 
a plurality of displacement sensors 70 may be utilized to 
measure a patients contour 72 in which case calculations 
utilizing the scout scans 54 can be forgone. 

[0022] The present invention has therefore utilized scout scans 
54 and/or other sensor scanning to generate an elliptical 



patient model 64 for each scanning point along the z- 
axis. The present invention can adjust for patient size, 
position, and proper centering to provide an accurate el- 
liptical representation. The present invention further uti- 
lizes such elliptical patient models 64 in order to generate 
a dose minimized imaging sequence 74. This dose mini- 
mized imaging sequence 74 provides improved resolution 
while minimizing the dose volume received by the patient 
22. In one embodiment, the present invention contem- 
plates the dose minimized imaging sequence 74 to con- 
template adjusting the size of the bowtie element 76 po- 
sitioned within the x-ray source 14. This can be accom- 
plished through substitution of bowtie elements 76 or 
through the use of an adjustable bowtie assembly (see 
Figure 7). Furthermore, the current modulation 78 of the 
x-ray source 14 may be adjusted on the basis of the ellip- 
tical patient model 64. The bowtie 76 and current modu- 
lation 78 may also be used to compensate for miss- 
centering of the patient 22 in relation to the x-ray source. 
[0023] while an imaging sequence 74 that minimizes radiation 
exposure to the patient 22 is calculated, the present in- 
vention contemplates a proper calculation of the CTDIvol 
80 and communication of this dose volume to the display 



82 prior to actual implementation of the imaging 84. The 
present invention does this by comparing the patient el- 
liptical model 64 to one of the phantom diameter approx- 
imations 86 (see Figure 5). The phantom diameter ap- 
proximation 86 closes to the patient elliptical model 64 is 
chosen. Phantoms represent known physical devices 
placed within the CT assembly 10 that measure dosage 
for given exposure settings (imaging sequences). 
Databases of phantom size versus CTDI, for constant kv 
and mAs, can be included such that specific dosage vol- 
umes can be calculated for a given phantom size and a 
given current (Figure 8). Although a variety of sizes of 
phantoms may be generated, the two standard sizes for 
CTDI are 16cm and 32cm phantoms. The present inven- 
tion, therefore, generated a dose report based on the 
phantom diameter approximation 86 selected in compari- 
son to the dose minimized imaging sequence 74. By vary- 
ing both the dose minimized imaging sequence 74 and 
the phantom diameter approximation 86 for each imaging 
slice along a patient 22, the present invention allows for a 
far more reliable and accurate dosage report than existing 
methodologies. 

[0024] while particular embodiments of the invention have been 



shown and described, numerous variations and alternative 
embodiments will occur to those skilled in the art. Ac- 
cordingly, it is intended that the invention be limited only 
in terms of the appended claims. 



